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An Access Path Specification Language

for Restructuring Network Databases

by

• Donald Swartwout
University of Michigan

Center for Database Systems Research

ABSTRACT

~~Current approaches to restructuring are based on the hierarchical data
model and use specific operations to achieve the requi red transformations. ~~~~~~~ t t - I l ’ ”  S

-Our approach to restructuring the class of network databases has

three principal characteristics :

(i) Data model - The Relational Interface Model (RIM) permits the
database to be viewed simultaneously as a network database and
a relational database in first norma l form,

(2) Restructuring System which can perform the operations of the rela-
tional algebra but is not restricted to any data model dependent
operations. It can perform in a simple efficient manner , user-
requi red netwo rk transformations such a-s link record processing. •

1
,

(3) Access Path Specification Lancuace - APSL - is a veri fiably power-

ful structurally simple , and desc riptive language.

The access path approach permits the specification of complex restruc-
turing transformations in term s of application -orien ted concepts such as
access strategies and selection cri teria. A high -level Access Path
Restructuring Language (APSL) based on this approach is presented , and

an example of its use in restructuring is gi ven.

Key Words and Phrases: database restructuring, da ta t’-anslation , network
restructuring , network databases , restructuring software , data trans lation
software, restructuring languages , data translation lan~uage , translat .icn
specification languages.

CR Categories: 3.70, 3.73
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hO INTRODUCTION
The currently expanding use of very large databases in business ,

industr ial , and governmental applications has created a need for a

generalized reorganization capability for three principal reasons.

Fi rst, the l ack of a systeratic database design methodology [DL2B) re-

suits in poorly designed and consequently poorly performing databases .

Secondly, the lack of an adequate requirements rethodo lo~y to precisely

define user needs coupled wi th the inability of users to formulate require—

inents beyond the present activities results in an outdated system design .

The third major reason is the currently chang ing technology . ~ew hardware

advances and software capabilities are being made available at an ever

increasing rate.
To address this problem , new technology is being developed for tne

migration of data and software between environments , or the reorganization
of data within an environrent [DT4,DT9,OT1O ,P.3,R5 ,R9]. At the Univers i ty

of Mi ch~igan , a seri es of increasingly genera l data translators has been
implemented over the past four years to support the migration and reorgani-

zation of data [DT1 ,DT3,DT11]. As indicated in Figure 1-1 the overall
architecture of a data translator consists of three major functional

modules - Reader , Writer , and Restructurer. The major thrust of the current
version of the Michigan Data Translator is the development of a comprehensive
set of reorganization capabilities for J DS/I, a DBTG-l ike database manage-
ment system. 

-

STORED DATA REST~UCTURr’IG STORED ~~TA
DESCR IPT ION DESCRIPTION DESCRIPT I0t~

TRANSLATION [ SDD RD 1 SOD
SPECIFICATION S (SOURCE) (SOURCE) (TARGET)
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Important features of the design are :

a Complete data descriptions of the user ’s (currently existing)

source database, and (proposed) target database are obta ined

using an augmented IDS data description .

a These descriptions are adequate for the Reader to create the

translator ’s internal form of the source database.

a A high-leve l restructuring language has been deve l oped to specify

the restructuring of a source database into a target database.
o The execution of the process is automatic , based entirely on these

descriptions.

It is the intent of this paper to present our approach to and develop-
ment of a high -level language to spec i fy restru c~urina transformations for
the Michigan Da ta Translator. Basically, the noa l of a restructuring
transformation is to change the log ical structure of a da tabase in
response to new information or processing requirements . Navathe and Fry

tR2) provide a categorization of restructurina cap abilities for the hierar-
chical class of logical structures and also develop severa l fundamental
restructuring operations. In this paper , we broaden the scope of restruc-
turing capabilities to the class of network logical struc tures includin g
several “less theoretical” transformations which users need. To achieve

this we present a da ta model general enoug h to suppor t n iu l tiple user and
implementation views; we develop an access path -oriented language for
specifying restructuring transformations; and we describe a simple restructuring i -

strategy to perform the necessary data m anipulations.

This section is completed by reviewin g the current approaches to
restructuring and developin g the requirenents for a generalized restrfic-
turer. In Section 2 we discuss the approach and basic research. Section
3 presents the access path restructuring language and provides an example
of Its application; Section 4 contains our conclusions.

1.1 Current Resea rc h

It is interesting to observe that the large majority of the develop-
inent of a restructuring technology has not taken place in
the development of databa se management systems, but rather in the contex t
of the data translation systes~s. In addition to the work at M ichi gan , two
other efforts have addressed the problem of specifying restructuring I

2
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transformations using a methodology sim ilar to the one developed in Fi gure
1—1. CONVERT , a high-level restructuring language developed at the IBM

Research Labora tory [R3] provides a powerfu l set of restructuring opera-

tions based on hierarchic data model called a Form . This is a two-
dimensiona l representation of hierarchic data which reflects not only the

• schema but also the data instances. The headinqs to the form are the

schema constructs - record types and i tems; relationsh i ps are ma intained

through the key item of the parent record type. The rectr ~~ turinq trans-

formations are based on a set of Form opera tors which ope rate on one or
more Forms (or their comDonents) resulting in a new Fcrm . With the

exception of the assignment and CASE , all Form operations can be nested .
An extensive repertoire of Form opera tors ranging from Form manipulation
(e.g. MERGE , GRAFT ) through built—in functions (e.q. SUM , COUNT) to the

CASE statement have been developed .
Another specific data model operations approach is the work at

System Development Corporation reported by Shoshani [R5]. Instead of the
Form da ta model this approach uses a sta ndard hierarchic data mode l and
assumes that the source and target database have been defined in terms of
this data model . Eleven .”conver~iia operations 4’ are defined to describe
the source to target assi gnments. These operations ranqe from the
DIRECT function which provides a one-to-one assi gnment of source items to
target items through INVERSION which causes the parent/dependent record
type relationship operation to be inverted .

An obvious advantage of the data model operations approach is tha t the
resultant software system is inherently simple and a set of low level
subroutines can be built to perform these elementa ry operations. Un—
fortunately,the user , although involved at a high level , still views
restructuring essentially as a sequence of low level steps. Thus he is
not shielded from marty of the details of .restructuring .

In both cases the restructuring is defined in terms of a particular
data model , implying that the data must be converted to this form in
order to be restructu red. Although the hierarchic data model facilita tes
the development of restructuring transformations, it is not as genera l
as the more powerful Relationa l and Network data models. Thus, restruc-
turing these more complex structures becomes very di fficu lt in CONVERT
and perhaps impossible in CDII. •

- 
3 .
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I
In general the low level operations approach works well on simple

small log ical substructures but becomes increasingly more complex in

direct proportion to the size and complex ity of the sou rce structure .
Furthermore , the more complex the structure , the greater the possibility
that it wi ll contain substructures that are not restructurable. Hence

we found it difficult to gener alize the el~ientary operations approach
to our problem - the network class of logical structures.

1.2 ~~qy i re~~nts for R~ str~c turinj Netwo rL - Pa ta base
In reviewing ti~e current approaches to hierarchical restruc turing

operations and the extended capabilities necessary for network structures
we find the fo l lowing require~ents are necessary .

o lhe data model shou ld be genera l erz~iqh to acco mmodate as many
existing data models (network , relationa l , and hierarchic) as
possible, while at the same time providing a basis for a practical
restructuring algoritfti . It should also provide the restructuring
user with as many .views of the da tabase as possibl e. Further , it
should provide the basis for a small set of constructs , simple

enough to be easily understood by users, and readily analyzed by
the implenentors of the restructuring system .

o The restructuring sys t cm should be provably powerful , but it should
not be limited to the implementation of a set of operations

which manipulate a specific data model. Its restructuring alqor it~n
should be as simple as possible , for obv i ous reasons of efficiency ,
verification , and debu aqinq.

o lhe language in which restructuri nc specifications are written
should be based on a set of constructs which are simp le and easily
understood , but also general enough to accomodate the multipl e views
of data supported by the restructuring data model . In particular ,
It should not be tied to any specific set of data-model -dependent
operations. It should provide the capability to specify the less
formal restructuring transformations such as adding an indexing
set. Finally, the full power of the restructurinq system should
be readily avai lable; all restru cturing specifications should have
similar structures , and essentiall y the same leve l of complexity .

• 

.
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2.0 TECHNICAL APPROACH

Three main components are necessary to develop a powerful user-

oriented restructuring capab ility : a high-level language for the speci-

fication of restructuring trans formation s , a comprehensive data mode l which
is supportive of the language and capable of representing established data

models , and an al gori thm which is capable of performing the transformati ons
specified by the language.

2.1 The Relat ional Interface Model

Since none of the existin g data models provide the capabil it ies
needed, the Relationa l Interface Model [Rfl was developed. The Relational

Interface Model (RIM) is not a new model but rather a synthesis of the

salient features of extant data models. It is sufficiently general to
accornodate the hierarchical , network , and relational views of data necessary
to represent the major data models implemented in current database manage-
ment systems. Furthermore , it permi ts a database to be viewed simu ltaneously
as a network database and a relational database in Fi rst Norma l Form.

Record types in the network view correspond one-for-one with relation
types in the relational view , and item types correspond to domains . Since
Fi rst Norma l Form does not permi t domains to contain relations , the RIM
prohibits certain network constructs such as naming groups and contained-in-
repeating groups.

In addition to records and items , two additional constructs of the net-
work model need to be addressed. Sets are used to represent locjical connec-
tions between record types , and keys are used to uniquely identify record
instances. In the R1.1, these are imp l emented in a uniform way : by specially
designated data i tems. Each record type must contain a pri mary~ ~ y; that
Is , a collection of i tems whose combined values uniquely identi fy a record
Instance within its record type . For example , in D8TG databases , the hash
field in a CALC record may serve as its primary key. However, some record
types, such as l ink recor ds , may not contain such a collection of i tems .
In order to completely i dentify these records , the i dentit ies of the record
Instances which own them along certain sets must be known . For example , in
the database of Figure 1-2 , an instance of S-C-LINK is identifi ed by the
SS# of the STUDENT record w hich owns it along ENROLLED-IN , and the Course#

5
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of the COURSE record whic h owns it along TAKEN-BY. Thus , the primary keys

of certain record types must include information used to establish set

membership.

STUDENT COURSE
SS# ~ine E Course— Inst ruc tori

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fiqu r e l 2

STUDE?~T COURS E
[ss~ Nam~j [~ou rse: J !nstruc

~od

ENROLLED-I n /EN
BY

+ S-C-LINK

— ~~~~~~~~~~~~~~~~~ Grade 1
Figure 1-3

In the RIM data model , set membership is established by storing , in
each instance of the member record type , a copy of the prima ry key of the
appropriate owner record instance. This copy resides in a collection of
special-purpose items , known as se t - si nn i fic ~~n t  items . Each set-significant
Item corresponds to one and only one owner primary key item , and a set-signi-
ficant i tem is used to represent one and only one set. It is said to be
significant to the set it is used to represent. Figure 1-3 exhibits the
database of Figure 1-2 , augmented to include set-sianificant i tems . Set—
significant items are shown in dotted boxes , and set arrows point to the
set-sicrnjfjcaqt i tems which represent th e~. Convenient names for set-
Significant i tems may be fori ied by concatenating the corresponding owner

- 6
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primary key item name wi th th e set name enclosed in ang le brackets . Primary key
Items are underlined . Notice that set-si ’ ini f icant items may be ~rin1a ry key i t e~-s
as well, as in the S-C - L INK record t v n e .  Thus ,durin g the construction of a RI~1 repre-

sentation for a network da ta base,  the ~~e c i f i c a t i o n  ~ pr i- ~ ary ke~’s f o r  sc~e record

types Is contingent upon the spec i f i ca t i on  of certa in se t -s ign i f i can t  items ,
which is , in turn , co nt i ncont  upon thu’ spec i f i c a t io n  of pri -a r .’ keys f~r the
owner record types. The possibility of infinite regress exists , b u t  in  our

experie nce it has never occurred , and since IDS databases do not permi t
cycles of sets , it is impossibl e .

The identification and na~ninq of set-si~inific ant i tems , and the
specification of pt .i~::a ry keys are performe d wi t h i n  the user ’ s source and
target data desc riptions , and are assu med for the restructur inç spec i f icat ion.

2.2 The Rest ructur in~ ~~~~~
Deppe [R7 J has shown that any transforma tion of a relational data base

which can he spec if ieJ by a sequence of th e relational algebra operations

Join , Selection , Projection , and Union can be performed by another sequence
in which all Joins are computed first , followed by all Selecticns . then
Projections and lastly, Un i ons. He also gives a simple alaorit hn which
performs all such ordered seq uences w i th  minimal use of temporary storage ,

and a time bound of 0(n) . where n is the number of target record instances ’
(or tup les ) to be created. Thus any restructuring system ~hich is capable
of executing Deppe ’ s algor it h~ has substant ial  p~ ier; it can perform all the
operations of the relational alq obra on a relational database.

The restructuring system developed for the Mi chi qa n Data Trans l a to r
is based on the Pep re alqo r i th m and views the data by using the Re la t i o na l
Interface Model. It can perform any restructuring transformation which can
be specified by a sequence of relational aL~obr a operations applied to
the source data vi ewed f rom the relational perspect ive of the RI?~. Thus
Its restructuring power is at least that of the relational al~ebra . Further-
more , the system is not limited to relational operations. It can be under-
stood entirely from the network point of view , and specifications for it can
be written by users wi th no knowledge of the relational data mode l or
relational algebra . En addit ion , a synthesis of the network and reh~t iona l
persp ectives is possible. To some extent , the use r  ha s the  “best of both ‘

worlds” ; he can select the data model best suited to a particular portion of

~~~~~~~ his restruc turing transformation . .

- -
-

I 
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2.3 An Access Path S~ec i f i c a t i on Laru~uaoe for Datab ase Pestructuring

AP SL , the Access Path ~pec if ica t io n Language used by the Michigan
Data Translator to encode restructuring specifications , has evolved into

a language which satisfies the necessary require r ents for a restructuring
specification language . In its present form , ~t is a powerful language;

the restructuring transf o””~tion s which can be specified in it have at

least the power of the relati or .al algebra . It is an inhere ntly simpl e

language; its fundamental construct ---the access path---is adequate to

di rect the restructurin g system ’ s retrieva l of source data , b~t i t  does

so withou t making use of any schema m anipulations. That is , APSL de-
scribes the source Structures frcm which target data may be retrieved ,
not operations intended to convert the source schema to the target schema .
Thus it is not t ied to any speci f ic  set of operations which manipulate the

schema constructs of a particular data model . As such , it is more easily
understood and used than restructuring langu anes which require the user to

master a specia l set of restructuring operat ions. Furthermore , the
descript ive approach taken by APSL has considerable flexibility . It

permits the specifications for a cor~lex restructuring transformati on to be

structured in exactly the same way as the specifications for what night

be considered more elementary transformations. Since this fundamental

structure is basical l y quite simple , we feel just i f ied in stating that AP~L
is a verifiabl y powerful , but structurally simple , restructuring language
which lays claim to a reasonable degree of user-fri endliness.

8
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APSL is a block-structured language . Fi gure 2-2 shows the typical

nesting of blocks. At the outermost l’evel i s the TARGET RECORD statement.

• An APSL description (that is ,a complete set of APSL statements for a

particular restructuring transformation) conta ins one TARGET RECORD state-
ment for each target record Or relation type. Each TARGET RECORD statement
is made up of one or more ACCESS PATH statements . From the network perspec-

tive , APSI assumes that each target record instance is represented by
data which is contained in an instance of s ome hierarchical substructure
of the source database. This substructu re need not be a strict subschema
of the source data structure; it may contain unravelled loops . These sub-
structures are descr ibed by ACCESS PATH statemen ts . From the relational
perspective , ACCESS PATH state ments are used to describe the joins which
are to be computed in order to create target tuples . A target relation

Is the union of all the tuples created according to the ACCESS PA TH speci-

fication s given for it.

Each ACCESS PATH statement consists of one or more SOURCE RECORD
statements . From the network point of view , SOURCE RECORD statements de-
scribe the nodes of the h ierarchies from which target data is to be re-
trieved; and from the relational point of view , they descri be the relations
wh i ch take part in join operations. At the innermost level of APSL struc-
ture are the ITEM statements. In network-oriented restructuring, thei r
task is to speci fy the correspondence between target data i tems and the
source data i tems which represent them , and to specify selection criteria
which distinguish valid or desirable instances of a hierarchy from invalid
or undesirable ones. In relational restructuring, they are used to insure
that target tuples are created only from source tuples wi th appropriately
matching join fields , to specify selection operations , and to speci fy the
correspondence between target domains and ‘source domai ns , i.e., projection
operations.

Syntax details and a moderately sized example apoea r in the next
section. Notice that we have delineated APSL’s specification of the four
basic relational algebra operations. It should be clear from Section 3

that they are adequate to specify any, sequence of joins , selections, pro-
jections , and unions , in that order , when applied to the source data in its
relational form as seen through the RIM. By Deppe ’ s theorem , we conclude

—-- -
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TARGET RECORD

ACCESS PATH

SOURCE RECORD

ITEM

SOURCE RECORD

ACCESS PATH

TARGET RECORD
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Figure 2-2
APSL. Block Structure
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that any restructuring transformation which can be performed by relational

algebra operators acting on the source data In its relational fOrm can be

specified in APSI.

In addition , APSL’s descri ptive power extends to certain transfornatjons

which are not readily describable in relational terns. These include such

network-oriented operations as creating indexing s et s , bypassing u~ues on

hierarchies , and altering the implementations 01 many-to-many relationships.

Examples of the last two appear in the Example of Section 3.

Finally, practical considerations dictate that even though we have

relatively l itt le field experience in full-scale data translation , our

restructuring systems must give as much thought to execution ef f ic ien cy
as possib le. Restructuring is an inherently time -consumin g process whi ch

must create a complete target database “from scratch ” , and in order to

obtain the necessary data , must traverse the ent iro source database dt

least once. In fact , given the current state of the art , parts of the source
database will be traversed many times. We have f o u n d  t h a t  i n  some r e a l -

world cases, however , a large portion (70’, or more ) of the source data rc~a ins
unaltered between source and target. In such cases , ruch processin g t i~:~-

Is spen t simp ly copying this unchanging data. Using an interestin g

synthesis of the relational and networ’-~ perspectives atforded by the RIYI ,
we have developed an APSI feature known as partial restructuring. It
permits the user to identify the unchang ing portion ( i f  any ) of his database.
Since complete representation of all the unchan ged target records and the
sets interrelating them already ex is t  in the sou rce database , they are

not represented in the restructuring system ’ s target internal form data ba- .e .
but are w r i t t e n  d i r e c t l y  from the internal source database into the user ’s
target database. In this manner , substantial savings in restructurin g
processor time and internal temporary storage use can be achieved.

The synthesis of the network and relational viewpoints that we used
to develop partial restructuring is very simple . The problems posed by
partial restructuring are most acute with network databases,in which it can
be extremely difficult to maintain the sets which connect the unchanging
portion of the database to the restructured portion [Rfl. In particu lar ,
the only definition of “unchang ing portion ” which we find adequate is stated
In relati onal terms : those record types whose source and ta rget R U-I repre-
sentations are identical are defined as unchanging records , and the sets of

11



the unchanging portion are those which interrelate unchanging records.

Thus the relational viewpoint provided by the RIll was used to solve a network

~estruCtUriflg problem : the identification of unchanging subnetworks .
in sunmary , our approach to restructuring is characterized by:

A. its data model---the RIM , which pernits a database to be viewed
simultaneously as a network database and a relationa l database in

Fi rst Normal Form.

B. Its restructur in~g system- --base d on a simp le , efficient algorithm
which can perform all the operations of the relational algebra , but

Is not restricted to any set of data model-dependent operations.

C. its s pecif ica t ions lanG ua~e---A PSL , a verif iably powerful , struc—
turally simple , descriptive language . It is used to specify
source structures from which target data is to be retrieved ,

rather than operations which convert source schema structures to
target schema structures .

S
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3.0 APSL SYNTAX AND DETAILED EXAMPLES

Section 3.1 contains a complete specification of APSL syntax. Detailed

semantic rules may be found in [D112]. Section 3.2 illustrates the APSL

specificat ion of some of the restructuring operations cited in Section 2.

The Appendix contains an example of a complete restructuring specification .

3.1 APSI Syntax
Notation :

1 A~-’S1 reserved words appear in capita ’ letters ; user-dete rmi ned
words in lower case.

2. Square brackets ([ ]
~ ) indicate that the contents of the brackets

must occur at least m times and no more than n times . If the
upper bound is an ‘n” rather than an integer , the contents of

the brackets may repeat arbitrarily oftei. Square brackets wi th
no bounds ([ ]) indicate that their contents are optional.

3. Braces/(oPtion1 -\\indicate that exactly one of the options must be

(
~ 

option2 chosen.

opt ion3
S

APSI Statements :

A. TARGET RECORD Statement for Restructured Records

TARGET RECORD target-record-name

[ACCESS PATH Statement] ?

B. ACCESS PATH Statemen t

ACCESS PATH access-path-id
(integer~ ~(target-item-name ( f loat  ))

~j

~1iteral)

(SOURCE RECORD Statement)?

13



C. SOURCE RECORD Statement

SOURCE RECORD source-record-name

ACCESS VIA source-set-name

rOWNER/MEMBER[FROM ID = parent -node-identifier

(ITEM Statement]g

[BLOCK ASSIGNMENT Statement]~

D. ITEM Statement 1~1
source-i tem-name [SELECT 

IFt
~
3 

VALUE Statement]~

[WHEN QUALIFIED BY routine-riamc 1[(VALU E Stateinent)]J~

ASSIGN TO target-item-name

[CONVERT WITH routine-name2](nteger~
(NULL VALUE = (float 

~ 
]

‘Ji teral )

E._VALIJE Statement

(integer
I float
literal FROM source-record-name
~ ource-item-name [ [ID~identifier]

F. BLOCK ASSIGNMENT Statement

(ACTUAL DATA IN ORDER
~‘)SET-SIG N1 FlC,~ T DAT A BY NAME
\ OTHER DATA BY NAME
CALL DATA BY NAME

14



H
6. TARGET RECORD Statement for Unchanging Records

TARGET RECORD target-record-name IS

SOURCE RECORD source-record-name

SET target-set-name IS source-set-name

target-i tern-name iS sou rce-i tem_nauielli
r (integer
I NULL VALUE =~float
I... ~...literal 0

3.2 APSL Examp les
Figure 3-1 shows a small RIM database . It is drawn as a Bachman

diagram (network view) augmented to show set-si gnificant ttens in dotted

boxes and prima ry keys, which are underl ined (relational view). It is

a modified subset of a la rje r  database (see A ppendix ) wh ich represents
Information concernin g a mansion , its contents an d the families living

nearby. The subset we have chosen for Figure 3-1 represents neighboring

houses (NEIGH3O~ S records) , the PEOPLE who LIVE-ThERE , and the AUTOs they
own. Ownershi p of cars is implemented by a link record , since joint owner-

ship is possible. Purely for the purposes of this fxamp le , BOSS records

are included. These give the name of each person holdin g a ma nace rial

position , and the company he or she works for. Finall y , we have the ROO IS

of the mansion and the L~~TS and FU~~ITURE they contain.
Fi gures 3-2 throuch 3-6 show fraqrnents of target databases which can

be derived from the data of Figure 3-1 using APSL . They Illustrate some

of the major restructurin g transformation discussed in Section 2~

3.2.1 Join, Proj~çtion

The PEOPLE relation of Figure 3-2 is the result of coini ng the source
relations NEiGHBORS and PEOPLE on the deed number domains , then projecting
onto the name , age , and address domains . Notice that this join is repre-
sented in the source dat.i by the set LIVES-THERE . APSL statements describing
the target PEOPLE record type fol low ..

‘5
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~~~~~~~~~~~~~~~~~~~ 
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y AUTO -
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~~~~~~~~~~~~~~~~~~~~~ 
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J
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FIgure 3-1
Source Data
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SY STEM

ALL PEO PLE YQUNGUNS

PEOPLE - YOUNG-BOSS

FLAME AGE ADDRESS NAME AGE COMPANY 1

Figur e 3-2 Figure 3-3

_ STE~~~~

ALL-PEO PLE ALL-NEIGHBORS

PEOPLE NEIGHBOR .

NAME AGE NET-WORTHJ rDEED
~~ J HOUSE-VALUE ADOR

/POOR-SISTERS /~ Rs
POOR-SISTE R AUTO

I A 1E P0OR~ NAM E NET-WORTH ( 1 DEED#<CARS ~ LT C- NO MAKE YEAR VALUE

L _ _  J 
~~~~~~_ 

J

FIgure 3-4 F1~ure 3-5
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Figure 3-6
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1. TAR GET RECORD PEOPLE
2. ACCESS PATH PEOPLE-BUILDER

3. SOURCE RECORD NEIGHBOR ACCESS VIA ALL-NEIGHBORS

4, ADOR ASSIGN TO ADDRESS
5 SOURCE RECORD PEOPLE ACCESS VIA LIVE-THERE
6. NAME ASSIGN TO NAME
7. AGE ASSI GN TO AGE

From the relational point of view PECPLE-BUILDER instructs the restruc-

turing system to retrieve all NEIGHBOR tuples , and for each particular

NEIGHBOR tuple , retrieve all the PEOPLE tuoles whose DEED~<L IVE ~ field
matches the NEIGF-IBOR ’s DEEO.~ field (i.e., all PEOPLE related to the NEIGH3CR
along LIVE-THERE). From each such NEIGHECR-PECPLE pair , AD DR from the
NEIG HBOR , and NAME and AGE from the PEOPLE are to be projected onto ADDRESS ,
NAME, and AGE in the target PEOPLE record.

All projections are specified in this way , i.e., by ITEM statements
giving the source-domain-to-target-domain correspondence , or by BLOCK
ASSIGNMENT statements which specify multiple correspondences simultaneously.
All joins which are represented by source sets are specified as above;
I.e. , by s~mp1y instructing the restructuring system to trave rse the

appropriate set(s). Joins not represented by source sets are specified by
describing access to each of the relations to be joined , and using selection
criteria to gua rantee matching join fiel ds. This is illustrated in Section 3.2.2.

From the network perspective , an ACCESS PATH describes a hierarchical
substructure of the source data. Each node of the hierarchy is described
by a SOURCE RECORD statement. The set by which it is to be reached from
its parent node is specified in the ACCESS VIA clause. APSL regards all
sets as two—way sets ; passage from parent node to child node may be either
a member-to-owner or owner-to-member access. Since RIM sets cannot have
mul tiple owner or member types , the basic form of the SOURCE RECORD statement
completely determines parent node , with two exceptions. Fi rst, there may
by more than one node on the hierarchy containing an instance of the parent
node record type. In this case , the FROM clause resolves the ambiguity .
Secon d , if the set has the same owner and member record type , the direction
of access is not determined. The ~ust be dven. During
restructuring , each instance of the hierarchy is located , and a target

19



record Instance is created from it with item values as specified by the

ITEM stateme nts on the ACCESS PATH .

3.2.2 Select ions , More Joins

Figure 3-3 shows a YOUNG-BOSS relation , wh ich is computed by joining

— the source relations VEOPLE and BOSS on NAME , and fo r all such tuples wi th
the AGE <30, p rojeCting ~~~~ AGE , and CC~PANY into a target tuple .

The desired join is not represented explicitly in the sou rce data ,

so access directions for BOSS and PEOPLE are given , an d  the selection on

lIne 7 checks to see that a YOUNG-BOSS is created only from a BOSS and a

PEOPLE with matching ~L~~ES.
We adopt the follo.’iing abbreviations :

TR for TARGET RECORD
AP for ACCESS PATH
SR for SOURCE RECORD
AV for ACCESS VIA
AT for ASSIGN TO

1. TR YOUF~G-BOSS
2. AP YOUNG-ONE
3. SR BOSS AV ALL-BOSSES
4. COMPANY ASSIGN TO COMPANY
5. 

- 
SR NEIGHBOR AV ALL-NEIGHBORS

6. SR PEOPLE AV LIVE-THERE
7. NAME SELECT IF EQ NAME FROM BOSS AT NAME
8. AGE SELECT IF LI 30 AT AGE

A target record (or tuple) is created form an instance of a source
hierarch y (or se t o f sou rce tup les) only i~f all the selection criteria
specified for the ACCESS PATH are satisfied.

3.2.3 Unions

The relational algeb~-a operation of Union is easily specified in
APSL; a target relation is the -union of all tuples created from all the
ACCESS PATHs specified for that relation. For example , in Figure 3-4 the
POOR-SISTER relation is the union of POOR-SISTERs related through the mother 

-

and t hose throu gh the fa the r . The two poss ibi l it i es are acc oun ted for
by the POOR-MOM and POOR- DAD ACCESS PATHS respec ti ve ly. -

20



Iv u a ~~ l u ’ I J u  du~eur d. in aooni on , ~ syntnes is OT tne network ana reI~~1on~ i
perspectives is possible. To sc~rr extent , t~ t’ ust~r has the best c~f bo th
worlds ” ; he can select the data mode l best suited to a particular portion of
his restructuring transformation. 

I 

.

- w~~~~~~~
_
~- -~~ - - . -—

~~~~~~~~~~~ 
- - -
~~~~~~~~i~~~~~11i~~~~~~~~

1. TR PEOPLE

2. AP PEOPLE

3. SR NEIGHBOR AV ALL-NEI GHBORS
4. SR PEOPLE AV LIVE-THERE

s. NAM E AT NA~1E

6. AGE AT AGE

7. NET-WORTH AT NET-WORTH

8. TR POOR-SISTER

9. AP POOR-MOM

10. SR NEIGHBOR AV ALL-NEIGHBORS

11. SR PEOPLE IDr~’OM AV LIVE-ThERE

12. SR PEOPLE iD-KID AV MOTHER-OF FRC~1 ~OM OW NER /tIENBER
13. NAME AT ~A~E<POOR>
14. SR PEOPLE ID= SIS AV MOTHER-OF FROM MOM O~JNER /MEMBER
15. NAME SELECT IF NE NANE FROM PEOPLE ID=KID AT MANE
16. NET-WORTH SELECT IF LE 2000 AT NET-WORTH

17. SEX SELECT IF EQ ‘ FEMALE’

18. AP POOR-DAD
19. SR NEIGHBOR AV ALL-NEIGHBORS

20. SR PEOPLE ID= DAD AV LIVE-THERE
21. SR PEOPLE I~~KID AV FATHER-OF FROM DAD OWNER/MEMBER
22. NAME AT NAME<POOR>

23. SR PEOPLE IDzSIS AV FATHER-OF FROM DAD OWNER / MEMBER
24. NAME SELECT IF NE NAM E FROM PEOPLE ID=KID AT NP~’1E
25. NET-WORTH SELECT IF LE 2000 AT NET-WORTH
26. SEX SELECT IF EQ ‘FEMALE’

3.2.4 Network-Oriented Operations

Suppose performance considerations require frequent fast access from
a NEIGHBOR record to all the AUTOs which belong to PEOPLE who live in the
house, and suppose that no car is jointly owned by PEOPLE living in different
houses. Then the CARS set of Figure 3-5 is a possible solution . It could
be imp l emented as follows :

21
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_ _ _ _  
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _  

~~~~~~~~~~~~~~~~~

1. TR NEIGHBOR
2. AP NEIGH
3. SR NEIGHBOR AV ALL-NEIGHBORS
4. ACTUAL DATA IN ORDER 

-

5. TR AUTO - -

6. AP AUTO-BUILDER
7. SR NEIGHBOR AV ALL-NEiGHBORS

8. DEED# AT DEE D~<CAR S~
9. SR PEOPLE AV LIVE-THERE

10. SR POSSESSION-LINK AV OWNS
11. SR AUTO AV O~~ED - BY 

-

12. ACTUAL DATA IN ORDER

Another frequently occu rrinc network restructuring transformation

Invol ves changing the irnp le~nentation of many—to-many relationships. In
Figure 3-6, ownershi p of cars is represented by an AUTO record for each
owner. This may involve duplicate AUTO data , o f cours e. We will assume

that PEOPLE is created according to the PEOPLE-BUILDER ACCESS PATH of

Section 3.2.1.

1. TR CAR
2. AP CAR-FACTORY
3. SR AUTO AV ALL-CARS
4. 

- 

ACTUAL DATA IN ORDER

5. SR POS•SEsS:ON-LINK AV OWNED-BY
6. NAME<OWM S>AT NAHE<OW NS>

3.2.5 Partial Restructuring
Suppose that the ROOM , LAMP, and FURNITURE record types are not to be

changed be tween source and target. Then APSL allows rather simple specifi-
cations for them :
1. TR ROOM IS SR ROOM
2. TR LAMP IS SR LAMP -

3. TR FURNITURE IS SR FURNITURE
Partial restructuring specifications may be s~~ewhat more complex when

sets connect the unchanging portion of the database to the restructured
portion. (See appendix).
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4.0 CONCLUSIONS
We have presented the salient features of an approach to network

database restructuring which we feel has considerable power and generality .

These include the RIM da ta model , which permi ts a database to be viewed
simultaneously as a network and as a relational database in first normal

form, and a restructuring system which can perfor~i all the operations

of the relationa l algebra , but is not restricted to any set of data-

model-dependent operations. We have described a powerful , but structu r-

ally simple language, AP SL , for the specification of restructurinq trans-

formations , and we have illustrated its use in describing both relational-

and network-oriented operations. APSL has been implemented as part of

the Michigan Data Translator [DI ].
Finally, it is important to observe that although APSL was developed

as a restructuring specifications language , it has potential applications

outside the restructuring area . For example , since APSL descriotions are

not based on sequences of operations which manipulate the constructs

of a particular data model , it may prove useful in specify ing high -level

DML operations in the area of database aoplication program description ,
validation , and translation. 

-

,
~
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APPENDIX A
A DETAILED EXk’IPLE•

Figure A-i shows a Bachman diagram for a database schema , augmented
to inc lude set-si gnificant i tems (in dotted boxes ) and primary key i tems

(underlined). For ease of reference, Figure A-2 shows its records and

sets. The database is a thoroug hly contrived one which mig ht be used

as an aid in the upkeep of a large mansion . Its rather bizarre semantics

are surinarized .

1. ROOJI one for each room of the mansion , including the three
garages. Rooms are identified by their names. Also
stored are the rooms ’ dimensions and functions.

2. CLOSET one for each closet in the house. A closet number is

unique over all closets in the mansion. Also known are
the closet ’s l ocation (i.e., north wall , west wall ,
etc.), dimensions , and door type (i.e., sliding, folding ,

swing ing , etc.).

3. VALUABLES one for each object worth at least $500 currentl y stored

In a closet. Al so given are a description of the valuable
(TYPE) and its (appra ised ) VALUE.

4. POSSESSION- a link record used to represent ownership (perhaps joint)

LINK of valuables and vehicles.

5. PEOPLE one for each resident of the mansion and each neighbor.

Roles of i tems should be apparent.

6. NEIGHBORS one for each neighboring household (the area is zoned
for one-family dwellings , so this is equ i valent to one

for each nearby house). Rules of i tems should be apparent .

7. PRIME-USER a link record used to represent who uses which room most

frequently. The cook will be the prime user of the
kitchen , the aging patriarch the prime user of the study ,

- 
etc. Sonic rooms, such as the dining room , living room ,

and billiard room wil l  have severa l prime users . Neighbors
are forbidden to be p inc users of rooms . Thus , a PEOPLE
record which owns a USES set cannot be a member of

LIVES-THERE and vice versa.

25
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8. AUTO one for each car owned by mansion residents or neighbors .
Roles of items should be apparent. AUTO records for
cars belon ging to mansion residents are members of the
CARS set owned by the garage in which they are kept.

9. LOCATION- a link record used to establish past and present locations
LINK of the mansion ’ s fu rnishings (LIGHTING , FURNISHING ,

FLOORS , and UINDOWS are mutually exclusive sets). Current-

flag is 1 i-f the object is now in the ROOM, 0 otherwise.
Last-date has no meaning if Current-flag is 1. If current—
flag is 0, Last—da te is the date the object was last

moved out of the ROOM.

10. LAMP one for each piece of lighting equipment in the mansion.
Burn-flag indicates whether or not bulb(s) in the lamp

are bu rned out.

11. FURNITURE one for each piece of furniture in the mansion. Repair
f lag is 1 if the object needs repair , 9 if not. If
Repair-flag = 1 , Repa ir-Desc contains a description (in
256 charac ters or less) of the needed repairs.

12. CARPETING one for each piece of floor covering in the house. ~end-
f lag and r~iending-Desc work the same way as Repair-flag
and Repair-Desc for furniture.

13. W IN DO t~l one for each of the mansion ’s windows . They are identified
by window num bers taken from the mansion ’s blueprints ,

since insurance numbers were not assioned. Open—flag
indica tes whether or not the window can be opened , storm-
flag whether or not it takes a storm window , and breakace-

fla g whe ther or no t the w indow is currentl y broken. If
the window is broken and a neic~hbor is at fault, CULPRIT
contains the ADOR of the household to which a bill will

be sent. CULPRIT is b l a n k  if the guilty party is unknown ,

not human, or a resident of the mansion. Observe that
- m~ubers of the WINDOWS set always have Current-flag = 1.

- 26
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The bulk of the database is taken up by a great ma ny of the large

LAMP, FURN ITURE , CAR P~TING , and WINDOW records. These are to be left

unchanged by a restructuring transformation whose primary purpose is to

separate the residents of the mansion from their neighbors (US and THEM,

respectively). Figure A-3 shows the desired target da tabase; Figure A-4,

Its records and sets. Severa l other changes are to be made as well ,

notably the addition of OLD-RICH --UNCLE records. An instance of the BUCKS
set consists of an US record as owner , and as members , one OLD-RJCH- IJNCLE

record for each of that person ’s uncles who -is at least 65 and worth at

leas t $500,000.
APSL statements describing this restructur ing transformation ,

together with some explanatory corrinents , make up the remainder of this
appendix.

27
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The bulk of the database is taken up by a great many of the large

LAMP, FURNITURE , CAR PETING , and W INDOW records. These are to be le ft

unchanged by a restructuring transformation whose primary purpose is to

separate the residents of the mansion from their nei ghbors (US and THEM,

respectively). Figure A-3 shows the desired target da tabase; Figure A-4 ,

its records and sets. Severa l other changes are to be made as well ,

notably the addition of OLD-RICH-U NCLE records. An instance of the E’JCKS
set consists of an US record as owner , and as members , one OLD-RICH-UNCLE
record for each of that person ’s uncles who is at least 65 and worth at

least $500,000.
APSL statements describing this restructur ing transformation ,

together with some explanatory cornents, ma ke up the rema i nder of this
appendix.
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1. MACRO SR LIT E~~U.Y I 

SL ~~~} h~CE E~2. MAC RO TR L IT EP\L LY ‘ T - ~ ET Rt CU~D3. MACRO AV LI I I  -~~LL 1 A CLJ 55 V i A 1
4. MACRO AT L ITE ~ -~liY h i1SS1~~ TO ’
4 .5 ~-~\C~O AR L I  TE C~.C~ LY ‘ 7 C LLS S r~ i

--Comments t - cq in  w i t h  /~ and end w ith  */

— -  APSL i~ac ro fad ii ty i s 1 i~f ted to the f~ r~; A~GO —Mo,-d - LIT IT R’~LEY

‘<A PSL Reserved Wo rd~ ’

5. /~ F I R S T , T UE U~ C - ~~~I~~ PY ~ T ION ~/6 . TAI~~ T Ri C C~~ I ~-:~~ i c ’ : - t  I ’~. ~S SCY ~C[ R E CO~ L~ L C C A T I O ~ -L I ~~7. SET } I A S _ C ( r ,I A I ’ , ) I S  ~‘- -~— C T ~ i I ~ED
8. NA’!f- ~‘s — C ~ - IS  ~I~~-,~~~

__-
9. TARGET PE c~~; L ;-~~~~ I S S eURCE R[c~~ -D L
10. T,’IRI~ET IJCOR.~ I U ~~I i  L~~L IS SUI ;RC E RECO RU FUIUI1ThRE
ii. TI~~ U T R~~t ’~~ :) c,~~-~~T ;~~; 15 5~~J UCE RECC ~ , C - ~~- U T ~~~
12. T A RG ET R L C C - : 1.1 ~;UUU IS SO URCE RECORD j ”~~ ’

R a s  -

--The SET..  .speci f ica t icr i  of lines 7 and 8 is requiI- I-d because HAS-
CONTAI NED is owned by the r~’stru cturt ’d record type ROOM .

13. TR ROOM
14. ROO~-1IE
15 . SR ROOM AV ALL-ROOMS
16. NN’~E AT I~A~E
17. FUNCT IO~I AT FIJ~ CT I ON
18. DIMS AT BTUS CC~V~RT ‘~1ITI4 HEAT

Remarks

—-H EAT is the na~-e of a routine which accepts the dir-~ nsions of a room as
input and produces the nuoUcr of OTUs rcqui red to heat the room F C in
1 minute.

19. TR CLOSET
20. AR CL OS E T
2 1. SR ROOM AV 7J L - ROOMS
22. NAME AT I E— S T O RC ~23. SR CLOSET AV HAS -d OS
24. NUMBER AT hUMOER
25. L0CATIO~ A~ LOCATION26. DIMS AT DIMS

Remarks
—— From the rela t ional view point , this AR describes tho proj cct io ;  of

the RIM relati on
CLOSET (IIAMF .:HAS’- , t~Ut1BER , LOCATION , DiMS , DOOR-TYPE)

onto its firs t four fields .
34



27. 1 R- V1C E A R l  I S
28. A R LU\
29. SR 00CR-I A~ A I — k - S - S
30. hIlt-El A T S ~~~

‘ - - 0
31. SR CLOSI O I 1  US
32. SR VAI I I ’S I ‘ ,

33. A C I U C L  UCU A IN UI-U , R

Ror-~ar1  c

—— F rc c ~ t U1 ,o  I Iit 1 i 1 I  I i -~
j it • I~ j ~ ‘,5 ( lC ~ ’ - (  r i t - -

~ 
I~~~ 10 1 Ot

C LO S ET ( U I ” - -~~~ . S 5 : - . C C - ~~~~ E \ , O I ’ ~~, I -~~~P E E  C C ~~IC I  YE  ‘1 E E S
( IS: U 0- 5 -

‘ 
• , - :- ,. - , 

~~~ ~~~ , , ‘-E UI - - U:” ’.U L R fi eId~fOi l C C C I  I) ; i - j  C Il Oi l  C) ~- - .- - ‘ - , I C -s - - 
C~~~~ I • , and

VAL UE

34. IR CA~~- S l U L F
35. A l CU~ S
35 SR US-S ~~I C 5)
37. SR CL OS E T -5 , 0
38. SR ~5S I US E S ISYSIS -

39. 1 N510 -U.S1 • -ST Es- - -- ,. ‘ -~ 
-

40. SR S R I - i  SS ICS I ‘U t .  - . C E ’
~~. U-BY

41.  hA t E - C . , -- -— ‘I I S ’ ’  ~O’ - ’ .S - -
42. SS~~- -O01 S - AT SS C - CE , 5S -~

43. TR PRIEU-USIR
44. AR UR INE
45. SR ROOM A’. ~~ I -

46. SR PR I lE E — US S St US E D—BY
47. ALL DATA U’ SAUl
48 TR US
43. AR US
50. SR R00 -1 At l IE  I - :-: -. -S’ t~51. SR POlE - EL—USE S -U~ US E U— RY
52. SR N U O L E  El ) CI 0551J ~~~ U S E S
53. NA~W AT S-SUE
54. SS~ AT S5
55. AGE AT ~so C

56. N[T— - :CUIE AT SE [ — 5 0 0 0 1

• . 57. SEX AT S E X
C 58. SR PEOPLE I r E I A . I ‘~5 I L .  ‘ -E S ’ S

FROE-i RI 0505 U : ‘‘S E
59. ACCEPT IF EIUI I.
60. NAME AT I SIS - MOE HER —
61 . SS~ Al S S- - 15C M It R— 1 0 1 1 1 VALU I = 0
62. SR PEOPLE ID- DAD At I A l OE 0-01

FEI1U N E S E 1 5 ‘ lYl E  ‘I-  / 1 -115 R
63. ACC EPT Il s:I .t
64. NAME AT N V.S ~1ATIlCR—
65. SS# AT SS~~FA IHFR—l-l UL L V SLUE~0
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Remarks

—— Obs erve the ucc of id e n t i f i e r s  in d is t in g uish in g anorg the three
appearances of °EOPLE on this tree,

—— Since e v e r y  resident of the r~rnsjon is the prir-l e user of a bedr - o c - i ,
and only reside’ its of the e~a ns ion can he ~i-t r - .~ users of rrons , tE L lS

AP co: ip letely dr c r ISes  the cons t r uc t ion  of t : r - u t  US records.

--Note further t h t  s i i :c e a E - ~rson r - i v  he a pr0- o u~ c- r cf severa l
roocls, a rest ruc tu - lug syst ~ dr iver by th is  ,‘,RSS descr ip t ion  w i l l
create  a r- i  d i sc ~~ d s-: : ,e dup1 ice t~ US record  i n s t u r : c e s .

—— ACCEPT IF NULL is used to pre- ,-c - n t  t O e loss of PUOR LE r~e c O I - ~iS w hich
are not r:c:-ibers of the FATHER-U k ~nd/ or EEU T EES e ._ O F Sets .

RI-I is useo t-u C EJ ~ ran tee  th~ t a ç e r s c n  I
S rarents , rother

than his or l ee  ch i ldren , a~-e recor d-:-i as l E T T E R S  ard FA T l Y .

64. /* T U l l E  R E C O RDS AEU ~ S IU IYS TO iJ~ R E CO U s ~- i
65. / * LXLLE - T H- ’-T T H EY FSSSD 15 T O E 5555C C ‘7
66. /~ R- ’( PA S SI UG TH I-IOUCH E ICEEGGU S ~/
67. TR iSLE-I -

68. AR THEY
69. SR NEIGIEG ORS fit AE L—NEI G IECOR S
70. ADDR AT ADDU<LII’E--
71. SR PEOPLE ID~P E EC5 AV LIVE-THERE
72. NAI-IE AT NP-ME
73. SS~ AT SS~74. AGE AT AGE

C 75~ DE SC AT DF SC
76. SEX AT SEX
77. SR PEOPLE IY-EC -l lit ROT HER- O F

FROE-E PERSO N -IEE-IBER/ OWNER
78. ACCEP T I F 1 1 I LL
79. NAME AT l-IU T ULR-N-S-I E -

NULL l Y L E  = 
I *USO S0SN ~ 

I

80. SR PEOPLE ID-- SAD U/ FATHE R-OF
FOOl-I PERSO N t-lRI - EUER / OMN ER

81. ACCEPT IF NULL
• 82. NAM E AT F A T H E R - N A M E  .. C

f NULL VALUE I *UNEUO W EI * I
83. TR NEI-UEEY- HOUS E
84 . AR NFi R
85. ST NEIGHBORS ~V A LL- MEIG HSORS
86. ACTUAL DATA IN ORDER -

87. /* NOEl FOR THE 0105
88. TR OUR- A UTO -

89. AP OURCAR

36
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90. SR ROOM At A EL-FIG O MS
91. SR A UTO AC, CA R S
92. AC TUAL IICS A EU ORD E R
93. SR P O S S E S - I  ~5 - L l lW  At I C E G IU T OS ED—TO
94. N A t - E I - L , : S ~~- AT S - SEW - - RIG —TO - -
95. ss ! .o :s ~ - AT SS l~- R L G~ TtJ .

Remarks

—— Observe that the choic e of primary key for O UR - ~- I I T U  0 - 1  1 ic’ t hat

residents of the mati s ion do not share owne rsli ip of their  cars .

96. TO THEIR-C A R
97. AR I S L E - U CAR
98. SR NE I ( IEEE lOS - -  I — N E  IGIIBORS
99. A000 AT A l l i S -  CA 0 S ’ ~
100. SR PLOE’I I C ; I. I — 111000
101. SR POSSI t-s . 5- - I I S-I 4 v
102. SR AD-T O 1” 5 G IST EIEED -TO
103. ACTUAL DA1 A 1 1  01-101 0
104. 10 POSSFSSTUEE -L !EIK
105. AR [ ‘UI C I

106. SR NE IGH BORS At A l . L — NE IGIIESO RS
107. SR P0001.0 liv L IVE  -T ElEI1E
108. SR POSSESS I ( 5 - - [ 150  AV O i l s
109. LIC—NO- 013 - AT L IC- I lO- - QUIl LS- I5~-
110. NAFE E- QUI S- - AT SA l-lI D--E R 1-O F -
111 . SSI’-.OE-UiS -At SSr- 01551 0—OF — -;

112 . /* LAST BUT cER TAr N Y NOT LEA ST , TH E OLD */
113. /*  RICH UNCLES */
114. IR OLD-PdCIE- t IIE CL ES
115. AP 0!3llIL E E1
116. SO 0001-1 AV AL L - SU RE R
117. FUNCITON SILEC~ 11 1 5~ ‘B EDROOM ’
118. SR PRII - lE_ —U Ri 0 5’; WED —BY
119. SR PEOPLE 10 iS - SURE-IA AV USES
120. SR PEOPLE 10 - [ ‘S C AV MOTl EY-O F

FROM Gft -~l iE0lA (5 - 151 E/ l ’ [E iRER - —

121. SEX SE L ECT Ir [~I ‘ E l S I E ’
122. AGE SELECT IF GE 6 5 -

123. NET-WORTII S E L E C T  IF GE 500000 AT 1-100111
124 . NAME AT
125. SR PEOPLE Ill l eE-I AV l’ EOT IIFR-OF

F ROE-I GRA NI)i- EC\ 1551  0/1-ti 1-1010

• 126. SR PEON I ID - KID lit 11111 ~S 0 -  UI
FOOl-i I- Er ‘I- I (0-,1N1 0 /I- ’: 1511111

127. NAt - IF AT S C ’ - lF . 01 1005
123. SS# AT SSW ;VIU CKS
129. AP OR W I CMF
130. SR 00511 AV AL L — 100 15

C-

I

-- - -
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1 .1 1. FUNO1 :‘S ‘- 1 E l  CT II I ~ 
I E E E  pE~~C

C , 5

‘ 105 SR l ’0[ ’ -: O ’ E R  ~ ‘. I C ’ E ’ -fl

— III . SR Ii ORE ID ‘ l ~ ‘‘. : - ‘ ‘ -\ At ’ I - i
1 _ I-I , 511 01 0 1 1 1  II’ [ ‘ S C  -St ~l l 1 l l E IE UI

1 111 1 t R E , ,  1- S 1 L ’ [  11 EI 1 -  ,~

‘II ‘ [ [ l i i  II E Q
i _ it . AID ‘~I I I  i~ 1 1 II: ~, C ,

1 _ i ,’, NI I 1 , C ’ E E E E [  1-1 L i i  I I  31
Al 5511111

-
- 13W . N -S-i - \ 1  U - ‘U

SI~ L15~~I E l  C C f l l~~ E1

I O W  u - ~ - . ‘ ‘
~ 

- ,,~~~ -U I i  0
140. N A’S : ‘ : I I  SI

I lE i ’l I 5 - 1  I II’
14 1 ,  511 R i O t  I 11’ 1_ I l l  ‘

- ‘. I \ : : i  0
l r ~ C l C C I 1 , , l  - 1 - - - 

- -

I 4 ’  - 1~ C C I  1, ‘ SI t E, ’ ’ -

14 . 1. - A t  I~’C ’~ E D - N ’ - -

1— 1 - I - AR t : I ~~,~ I I
511 lOC’ -l A t  -U I

1$ . I lLS [ I ’ S  ‘~1 ! E 1  I I -  I I O E L IRC C 1’I’
14 ’ , 50 ‘ 1 1 5 -  Ii ,: 1 -It U” E 0
14 5 . 50 ‘ L I I :  ‘ C 1 -  C S St

S I-i 15 0 1 1 1  1 0 1 - , -  -5. - 51111 0-- UI
I Ii i - i l  ,, ‘ -\ 1: 1-151 51

i t’s. \ ‘-1 I i i  I II ‘ ‘ -‘I I ’

I’ l l - Alli ‘~I I  L t I  II
NI I I.i C E I S  ‘- l I l t  I ii SE 1 , 1111 h 151

S I  [SOI l I I
153 . NT’S A l N- S’S
154 . SR l ’ lt ’ ’ i l  i _ I C I ~ -V I - t I l l E R

I . 1 ’’1~~- - s - i t ’ , , ’ , I S  ‘ 1 : 1 : 1
N1I.,MI Su I t E  II 1, 5 C I I ,  I

I t  t ( l’ l I I ’  I - l i

l O t . R R t t ’P t  1 0 ‘,ll~ -it - ‘ 1 1 1 : 1 I l l
Ill -I I ’ S ’  ‘: 1 1 0  1 5 _ 1 : : K

1’,17. N -V- El ~t l U i - S ~0 t0’ r, - ,
ION. Ss Al E-,-,~ . I :OCk ’ ,--
1 ‘,q - A l’ [11155 C

160. 511 0t h I I  V St I
11 ’l. l E I ,t I r S  ‘S E E l I II I ,) ‘ O E USUC i ’ i ’

II I.’, SO 011151 —l l ’ ,t 1 - 1  IINI 1

11 _ I , SR ‘ L O l l I Ii (. ,. ‘ . \  -V. I1’ ,l

164. SR I’t t ’ E ’ l I 11’  I I ,  -St 1 5 1 1 1 : 1 0
j lEt l’l t , -I- ’-S , ’ ’ \  ( 15~

’,L 11 ‘ 1 1 : 1 1

16~. Sl, \ s l I l O l  11 EQ ‘ 1 5 - I l l ’
16o. AU s E t  101  Il SE I C

167. Nl I 5 10111 ‘ - r l t t  I Il 61 1,55 511 1 A T  W HO1II
160. NAME Al U S  1 :
169. 511 F’( OlN t Il~ U S S i 151111 0 ~l

IS’S ( I I  \SU- ’A C ‘ 1 ‘‘ ‘ ‘ -5 II
170. 50 II Oi l  I 0 — :- , t 5 ’ ‘ ‘ ‘ 1 5 - I  UI

I 11111-I El il l i  t ’ . . [  II !h CI Il
111. NA,”Il A l 1, 1: - t h il l I
1/?. S’~ Al “ S - -000’  -

173. /~ AI” t Dl SCRIP1 11 15 IS’EI ’ I  l i t  V
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